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DESCRIPTION 

High-efficiency SEFF Electronic Driver for Barrier Discharge Lamps 

The present invention relates to an electronic circuit topology for driving a 
; „ . _pxedQxninantly.capaci1is^loa^ where a pulsed electricaLpower. supply is usedJThe 
5 predominantly capacitive load is preferably a gas discharge based on the principle of 
the dielectric barrier discharge principle and more preferably is a dielectric barrier 
discharge in a gaseous medium containing at least one excimer forming component 
selected from the group comprising noble gas, preferably Xenon. The electronic circuit 
comprises a primary circuit with several components, a secondary circuit with or 

10 connected to a predominantly capacitive load, and a transformer device with a primary 
side and a secondary side, connecting the primary circuit with the secondary circuit 
The primary circuit comprises: a source device supplying power for operating the 
predominantly capacitive load, a drain device for absorbing at least a part of said 
power, which is reflected back from the capacitive load during operation, and a 

1 5 switching device for switching a current on the primary side. The transformer device is 
of a transformer type with a gap, preferably an air gap, for transforming an input 
voltage-current-signal on the primary side to a suitable output voltage-current-signal for 
supplying the predominantly capacitive load on the secondary side. 

20 Such well-known electronic circuit topologies containing a driver and a gas discharge 
lamp are used in a wi§e area of application, where light waves of a certain wavelength 

» 

have to be generated for a variety of purposes. Some applications are for example 
document scanning or copying or generating UV light with wavelength of about 
1 80 nm to 380 nm for industrial purposes such as waste water treatment, disinfection of 
25 d ri n k ing water, dechlorination or production of ultrapure water. Such topologies with 
gas discharge lamps as a predominantly capacitive load produce UV light in a highly 
efficient way on condition that steep high-voltage pulses rather than sinusoidal like 
excitation waveforms are applied. 
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In the high power range (> 1,000W) driver topologies are well known for supplying 
capacitive or predominantly capacitive loads. These drivers are commonly implemented 
based on a full-bridge circuit driving a high-voltage output transformer. 

5 This well known driv er conce pt has the drawback^ if it isused to produce pul se- 
shaped output signals - that due to the transformer magnetization current a slow 
gradient of voltage — dV/dt — will be seen by the lamp in-between two pulses, this 
means the falling edge of the pulse signal is comparatively flat This normally causes a 
gas discharge with a low efficiency, because an adequate resting time for deionization 
10 cannot be ensured in this way. 

In addition to that, the full-bridge needs at least four separate switches of which two are 
high-side driven. This makes the circuit quite complex. Furthermore, as the current is 
always running through two switches in series at the primary side, power losses are 
1 5 relatively high and therefore only a moderate driver efficiency can be achieved 

Another known and widely used topology for generating pulse-shaped output signals, 
especially in the low power range - till about 100 W - is the flyback circuit. The 
flyback circuit generates clean pulsed waveforms with sufficient resting time in- 

20 between two pulses, if it is used in border-discontinuous mode. This means that the 
switch is kept in the on-state when going from the power reflection phase to the power 
charging phase, without interruption. A study has been made to expand the output 
power of such a flyback power supply till 3,000 W. In that case 32 primary MOSFET 
switches and four high-voltage transformers were necessary, making the circuit very 

25 complex. Also the achievable driver efficiency was low (about 73 % overall). 

■ 

EP 0 927 506 Bl describes a lighting system comprising a pulsed-voltage source which 
is suitable for delivering voltage pulses that are separated from one another in operation 
by pauses, a dielectric barrier discharge lamp having an at least partially transparent 
30 discharge vessel, which is closed and filled with a gas filling or is open and has a gas or 
a gas mixture flowing through it and is composed of electrically non-conductive 
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material, and electrodes which are connected to the pulsed- voltage source with at least 
the electrodes of one polarity being isolated from the interior of the discharge vessel by 

r 

dielectric material. The pulsed-voltage source has an electrical circuit arrangement for 
producing pulsed- voltage sequences for operation of discharges impeded dielectrically 
5 within the discharge vessel of the dielectric ba rrier d ischarge lamp, having an 

oscillator-circuit inductance, a controlled switch which is connected in series with the 
oscillator circuit inductance, a pulse generator which drives the switch, a current valve 
which is connected back-to-back in parallel with the switch, the current valve being 
formed by a discrete element or by the integrated source-drain diode of a MOSFET 

10 acting as a switch, an oscillator circuit capacitance which is connected in parallel with 
the switch, the oscillator circuit capacitance being formed by a discrete element, or in 
part by a boundary-layer capacitance of a MOSFET acting as a switch and/or by the 
intrinsic capacitance of the dielectric barrier discharge lamp that is connected, a means 
for coupling the dielectric barrier discharge lamp, the switch switching on and off 

15 alternately in operation by means of the drive signal of the pulse generator. As a result a 
sequence of voltage pulses, which are separated by pause times, is produced between 
the electrodes of the dielectric barrier discharge lamp, which is connected to the means. 

One drawback of this known topology is that the efficiency is relatively low, because 
20 the parasitic components are not used for raising efficiency. Moreover the topology is 
complex and the number of components is high, the pulsed output waveform is not 
sufficiently sharp and clean and a useful average output power in excess of about 
1 ,000 W can hardly be achieved. 

25 It is an object of the present invention to provide an electronic circuit topology which is 
suitable for supplying predominantly capacitive loads with an average output power 
much higher than 1 ,000 W, whereby the number of components is reduced, the 
efficiency is raised to clearly over 80 %, and the reliability is high corresponding to 
industrial environments standards, preferably the voltage peak of the pulse-shaped 

30 output signal is constant. 
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This issue is addressed by an electronic circuit topology for driving a predominantly 
capacitive load, where a pulsed electrical power supply is used, with a primary circuit 
with several components, a secondary circuit with or connected to a predominantly 
5 cap aci tive loa d, and a transformer device with a p rima ry side a nd a se condary side, 
connecting the primary circuit with the secondary circuit. The primary circuit 
components comprise: a source device supplying power for operating the 
predominantly capacitive load, a drain device for absorbing said power, and a switching 
device for switching a current on the primary side. The transformer device is of a 

10 transformer type with a gap, preferably an air gap, for transforming an input voltage- 
current-signal on the primary side to a suitable output voltage-current-signal for the 
predominantly capacitive load on the secondary side, wherein the source device is in 
serial connection with the transformer device, the drain device, and the switching 
device, whereby the transformer device being connected to the predominantly 

15 capacitive load comprises means for functioning as a resonant tank circuit, as a 

transformer device in forward mode, and as a transformer device in flyback mode, so 
that a single-ended forward-flyback circuit for supplying predominantly capacitive 
loads with pulse-shaped excitation signals is achieved. 

20 A suitable output voltage-current-signal in the sense of the invention is any voltage 

suitable for supplying a predominantly capacitive load, connected to the secondary side 
of the transformer. The voltage depends on the power of said load and can be derived 
from the power ranges given below in the description. The suitable output-voltage- 
current-signal preferably has a voltage amplitude in the range from > —20,000 V to 

25 < 20,000 V, more preferably in the range from > -1 0,000 V to < 1 0,000 V, and most 
preferably from > -8,000 V to < 8,000 V. The suitable voltage-signal has a peak-like 
shape with a peak-to-peak value of preferably about < 20,000 V, more preferably of 
about <14,000 V, and most preferably of about < 10,000 V. The full widlh at half 
maximum (FWHM-) value is preferably about < 5 jis, more preferably about < 3 |j.s, 

30 and most preferably about < 2.5 jis. The corresponding pulse repetition rate is 

preferably in the range of > 20 kHz to < 250 kHz, more preferably in the range of 



PHDE040016 EPP 

-5- 

> 30 kHz to < 200 kHz and most preferably in the range of > 50 kHz to < 150 kHz. In 
Fig- 2 several graphs are given, from which a suitable output voltage-current-signal can 
be exemplarily derived. 

5 A predominantly capacitive load in the sense of the present invention is preferably a gas 
discharge, more preferably a gas discharge of a dielectric barrier discharge type and 
most preferably a gas discharge lamp based on a dielectric barrier discharge in a pure 
noble gas or a gas mixture generating UV light. The gas mixture or the gaseous medium 
contains at least one excimer forming component, preferably selected from the group 
10 comprising noble gas, for example Xenon. 

The UV light generated by the discharge lamp has a wavelength that is preferably in the 
range of > 100nmto< 380 nm, more preferably between > 180nmand< 320 nm, 
and most preferably between > 200 nm and < 300 nm. The generated UV light is 

1 5 suitable for use for industrial purposes such as waste water treatment, disinfection of 
drinking water, dechlorination or production of ultrapure water. The driver comprises 
an electronic circuit, which generates a suitable power for the predominantly capacitive 
load from a common source via a transformer device. A suitable power is any power, 
which is useful for the application. Values for a suitable power are preferably in the 

20 range from > 0 Wto< 20,000 W, more preferably from > 500Wto< 10,000 W, and 
most preferably from > 1,000 W to < 5,000 W. The operating frequency the topology 
is constructed for is preferably in the range from > 10 kHz to < 500 kHz, more 
preferably from > 30 kHz to < 250 kHz, and most preferably from > 50 kHz to 
< 200 kHz. 

25 

The transformer device splits the total electronic circuit into two parts, on its primary 
side into a primary circuit and on its secondary side into a secondary circuit. The 
primary circuit comprises the power supply in form of a common dc voltage source, for 
example a 400 V dc power supply. The power supply is connected in series with the 
30 primary side of the transformer device, a drain device and a switching device. The 

secondary circuit consists of the secondary side of the transformer device connected in 
series with a predominantly capacitive load. 
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A transformer device in the sense of the present invention comprises an ideal 
transformator, a first inductance on the primary side parallel to the ideal transformer, 
and a second inductance on the secondary side, being in series with the ideal 
5 tr ansfor mer. The trans former d evice can be realized as a one-part t ransf ormer de vice in 
form of a real transformer. The real transformer is constructed such that the function of 
the first inductance is realized by the air gap in the core of the real transformer and the 
functioning of the second inductance is realized by leakage induction of the real 
transformer. 

10 

The transformer device comprises a transformer unit, which can be of any type but 
preferably is of a type with a gap, preferably an air gap. The transformer device has a 
turns ratio preferably being in the range between > 1 :1 to < 1 :20, more preferably 
between > 1:4 to < 1:15, and most preferably between > 1:8 to < 1:12. Additionally 

1 5 the transformer device comprises inductive units being connected to the transformer 
unit. The transformer device has to be constructed suitably for the predefined 
application, so that the efficiency of the whole topology is optimized. Preferably the 
first inductive unit has an inductivity in the range of > 1 jiH to < 200 jiH, more 
preferably of > 5 to < 100 joH, and most preferably of > 10 p.Hto< 80 |iH. The 

20 second inductive unit preferably has an inductivity in the range of > 10 |iH to 
< 1 ,000 jiH, more preferably of > 20 jiH to < 600 jiH, and most preferably of 
> 50 jiH to < 400 jxH. The inductive units can be easily changed, to realize a suitable 
topology. 



25 The transformer device, being a core part of the electronic circuit topology, unites three 
functions at the same time: a resonant tank circuit, a transformer in forward mode, and a 
transformer in flyback mode. By integrating these three functions in one part the 
present invention saves several components while generating efficiently a high output 
power. 
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The power, which is reflected back from the capacitive load during operation, is 
efficiently absorbed by the drain device formed as an absorption line, comprising a 
power drain, a diode, and a capacitor. The power absorption line is suitable for 
preferably a voltage being in the range from > 50Vto< 1 ,000 V, more preferably 
5 from> 200Vto< 750 V, and most preferably from > 400Vto< 580 V , The 
capacitor being a parasitic component of the circuit topology therefore has a 
capacitance of preferably > 100pFto< 1 ,000 pF, more preferably > 250pFto 
< 750 pF, and most preferably > 430 pF to < 500 pF. 

10 The switching device preferably comprises only one switching unit. In fact the 

switching unit can comprise several real switching units for example several IGBTs 
and/or MOSFETs, whereby the real switching units can be arranged parallel or in series 
to each other. In comparison to commonly used full-bridge circuits with four switching 
units, each consisting of at least one real switching unit, this concept saves several 

15 switching components. 

The present invention produces furthermore a much cleaner pulse-shaped voltage signal 
than known from common full-bridge converters. 

20 Preferably the means for functioning as a resonant tank circuit, as a transformer device 
in forward mode, and as a transformer device in flyback mode comprises at least one 
transformer unit selected from the group of real transformers and at least one inductive 
unit on the secondary side, whereby for this inductive unit it is suitable to use the 
leakage induction of the transformer device so that a resonant tank circuit is achieved. 

25 The transformer unit can be realized as an aforementioned real transformer. As 

described before, the transformer device has to be exactly matched to the predominantly 
capacitive load. Therefore both the capacity of the cabling, all other parasitic capacities 
and the capacity of the load have to be taken into account To achieve a suitable 
transformer device the values of the two inductive units — the first inductance and the 

* ■ * * 

30 second inductance — must be adapted. By this adaptable inductive unit, more precisely 
by this second inductance the transformer device can be exactly designed for a defined 
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application or load This enables the electronic circuit topology to form a transformer 
device that makes a series resonant tank circuit together with the transformer leakage 
induction, the load capacity, the cabling capacity and the transformer's capacity. By 
using the leakage induction of the transformer unit, the useful output voltage peak is 
5 significantly higher compa red to common soluti ons wh ere the leakage induction o f the 
transformer is not tuned to the lamp. Preferably the ratio between the output voltage 
peak of a common transformer device to the output voltage peak of the transformer 
device of the present invention is < 50 %, more preferably < 40 %, and most 
preferably < 20 %. For example, if the output voltage peak of a common transformer 
1 0 device is about 2 kV, than the output voltage peak of the transformer device according 
to the present invention is preferably > 4 kV (ratio = 50 %), more preferably > 5 kV 
(ratio = 40 %), and most preferably > 10 kV (ratio = 20 %). 

Therefore it is an advantage of the invention that the second inductive unit on the 
1 5 secondary side of the transformer device is connected in series with the predominantly 
capacitive load, so that the second inductive unit, which can also be realized by the 
leakage induction of the real transformer, builds a series resonant tank circuit with the 
capacitance of the predominantly capacitive load and the capacity of cabling. 
As a result of this setup of the transformer device, the useful output voltage peak of the 
20 secondary side is not transferred to the primary side. Therefore low voltage switches 
can be used on the primary side, which are less complex. By this arrangement the 
parasitic components like transformer leakage induction and/or cabling capacitance 
together with the load capacitance are used efficiently for generating high voltage 
peaks, instead of being the cause for extra losses. 

25 

To achieve a suitable transformer device, the first inductive unit on the primary side, 
which can also be realized by the air gap of the real transformer, is parallel to the 
transformer unit. 

30 A further advantage of the present invention is that the primary side of the transformer 
device is connected in series with the source device, the drain device and/or the 
switching device. This easy to achieve arrangement enables a three-mode functioning 
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of the transformer as described before, whereby the secondary side peak voltage is not 
transferred to the primary side. This so called resonance peak comprises a power 
delivery part and a power absorption part. During the resonance peak the transformer is 
used in forward mode. At the same time magnetization energy is stored into the 
_ 5 transfo rmer core, which comprises _for this purpose - as descri bed before -, a gap and 
more preferably an air gap. 

Another advantage of the present invention is that the drain device comprises a power 
absorber unit, a capacitance unit, and a diode for returning power to the DC supply or 

10 the DC supply device. By this arrangement the power flowing to the drain device can 
easily be returned to the DC source device, preferably via an external down-converter. 
Preferably the power absorber is of a dc-type with a voltage being in the range from 
> 50 Vto< 1 ,000 V, more preferably from > 200 V to < 750 V, and most preferably 
from > 400 V to < 580 V. The diode is of a standard type diode. The capacitance of 

15 the capacitor is preferably in the range from > 100pFto< 1,000 pF, more preferably 
from> 250pFto< 750 pF, and most preferably from > 430pFto< 500 pF. 

Preferably the electronic circuit topology's switching device comprises a control unit, 
preferably in form of a pulse- or ftmction generator, for controlling the following 

20 switching unit, a switching unit for switching on/off the current on the primary side of 
the transformer device and a diode unit. The control unit preferably has a first voltage 
of about 0 V and a second voltage of about 15 V. Preferably the rise-time is about 10 ns 
and preferably the fall time is about the same as the rise-time. The pulse width (PW) is 
preferably in the range between > 1 jis to < 6\is, more preferably between > 2 |ns to 

25 < 5 us, and most preferably between > 2.1 \x to < 3 \is, whereby the PW is preferably 
at about 2.36 ^s and preferably the period of one switching cycle is 10 |is. 

The diode is mounted in parallel to the switching unit for achieving a zero-voltage 
switching circuit. The diode conducts the reverse current and thus - although being not 
30 " the cause for the zero-volt switching - the diode is a necessary component for achieving 
the zero-voltage switching effect. 
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The predominantly capacitive load preferably comprises at least one gas discharge lamp 
based on a dielectric barrier discharge filled with at least one excimer forming gas, 
preferably a noble gas like xenon, or a mixture of excimer forming gases for generating 
5__ light waves, preferably UV-light waves. A gas discharge Jamp based on a di elect ric 
barrier discharge can easily be designed for generating light waves in a given power 
range. The given power range for the barrier discharge lamp or any other capacitive or 
predominantly capacitive loads according to the present invention is preferably between 

> 0Wand< 20,000 W, more preferably between > 500 W and < 1 0,000 W, and most 
10 preferably between > 1 ,000 W and < 5,000 W. The electronic circuit topology is not 

only suitable for supplying dielectric barrier discharge lamps but also for supplying any 
predominantly capacitive load, where the use of pulse-shaped waveforms is favorably 

If a dielectric discharge lamp is used, the dielectric discharge lamp has an useful 
15 average power being preferably in the range from > 0 W to < 20,000 W, more 
preferably from > 500 W to < 10,000 W, and most preferably from > 1,000 W to 
< 5,000 W, most preferably the power is about 3,000 W and the discharge lamp 
produces light waves having a wave length preferably being in the range from 

> 100nmto< 380 nm, more preferably from > 180nmto< 320 nm, and most 
20 preferably from > 200 nm to < 300 nm. To generate light waves with a prescribed 

wavelength ah additional phosphor coating of the lamp bulb - inside the lamp bulb as 
well as outside the lamp bulb — can be used Of course these values mentioned here are 
also valid for other predominantly capacitive loads according to the present invention. 

25 The circuit can be used for dimming purposes also. This is achieved by using a higher 
source voltage at equal absorption line voltage at a lower repetition frequency. This is 
done to keep the mag-demag-ratio products on an equal level. The values of the single 
electronic parts remain the same until a dimming level of 50 % of the maximum lamp 
power is reached. 
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These and other aspects of the invention will be apparent from and elucidated with 
reference to the embodiments described hereinafter. 

Fig. 1 shows a schematic diagram of an electronic circuit topology according to the 

present invention operating according to the single-ended forward-flyba ck 

(SEFF) principle, and 

4 

Fig. 2 shows a graph giving the output voltage of transformer unit applied to the 

capacitive load in combination with the transformer's primary magnetization 
current and the primary current transformed back from the secondary side over a 
time period of 2 x 10 jis. 

Fig. 1 shows the schematic diagram of an electronic circuit topology 1 for driving a 
predominantly capacitive load 2 according to the present invention. The electronic 
circuit topology 1 according to fig. 1 comprises or is connected to or coupled with a 
predominantly capacitive load 2. In this special case the predominantly capacitive load 
2 is represented by a gas discharge lamp Lai based on a dielectric barrier discharge 
(DBD) containing two electrodes. One of these electrodes is connected to ground. The 
other electrode of the dielectric barrier discharge lamp Lai is connected with the 
secondary (high voltage) side of the transformer unit The capacity of the cabling 
between the transformer unit and the DBD-lamp is represented by a discrete 
capacitance unit C2 with a capacitance of about 250 pF. The DBD lamp Lai and the 
capacitance of the cabling, represented by the discrete capacitance unit C2, form an 
impedance representing the predominantly capacitive load 2. 

The predominantly capacitive load 2 is supplied by a source device 3 via a transformer 
device 4. The transformer device 4 is connected to ground via a series connection of a 
drain device 5 and a switching device 6. 

The source device 3 generates a constant output voltage of about 400 V, applied to the 
primary side of the transformer device 4. 
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The transfonner device 4 comprises an ideal transformer unit TX1 with a primary side 
TXla and a secondary side TXlb, and - in this special case - with a turns ration of 
about 1 : 9.7. Furthermore the transfonner device 4 comprises on each side of the 
5 transformer unit T Xla, TXlb a angle in ductiv e unit L 1 , L2. The first ind uctive unitL 1 
on the primary side TXla of the ideal transformer TX1 5 which represents the air gap of 
a real transformer, is in parallel connection to the ideal transformer TX1 and has an 
induction of about 40.5 yH. On its secondary side TXlb the transformer device TX1 
comprises a second inductive unit L2, which represents the leakage inductance of a real 
10 transformer, with an inductance of about 200 |iH. The other side of the second 

inductive unit L2 is connected to the high voltage side of the predominantly capacitive 
load 2, thus the second inductive unit L2 is in series connection to the ideal transformer 
TX1 and the predominantly capacitive load 2. 

1 5 The drain device 5 forms an absorption line comprising a drain unit in form of a power 
absorber unit V2, a diode Dl and a capacitor CI, whereby the capacitor CI is parallel to 
the diode Dl and the absorber unit V2 being in series with each other. The power 
absorber unit V2 is formed by a dc-source with a constant voltage of 580 V. The 
capacitor CI has a capacitance of about 430 pF. 

20 

The switching device 6 comprises a control unit in form of a pulse-generator V3 for 
controlling the switching unit SI . The values of the pulse generator V3 are: first voltage 
VI = 0 V, second voltage V2 = 15 V, rise time TR = 10 ns, fell-time TF =10 ns, pulse 
width PW = 2.36 ^is, and period time PER = 10 |is. The generated pulse is transmitted 
25 to the control input pole of the switching unit SI . The switching characteristic of the 
switching unit SI is VOFF = 5 V, and VON = 7V. In parallel to the switching unit SI a 
diode D2 is connected, which by-passes the switch in case the voltage drop oyer the 
switching unit S 1 is negative. 

30 Fig. 2 shows a graph giving the output voltage of the transformer device 4 applied to 
the predominantly capacitive load 2 in combination with the transformer's primary 
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magnetization current and the primary current transformed back from the secondary 
side over a time period of 2 x 10 us with values measured at a temperature of about 
27.0 °C. Although not shown in the graph, the primary current is exactly the sum of the 
two split primary currents. 

5 _ . ... „. . . . 

The output voltage applied to the lamp starts at about -2.0 kV and increases within 

about 1.8 jis to a maximum value of about 7.5 kV, then continuously decreases to a 

minimum value of about -3.5 kV within 2.7 \is after reaching the peak amplitude. After 

this the lamp voltage returns within 5.5 jxs in a damped oscillation to the starting 

10 voltage level at about -2.0 kV. The period of one pulse is about 10 jis, thus the pulse 

repetition rate is 100 kHz. 

In the graph the primary current transformed back from the secondary side is shown. At 
the starting point the primary current transformed back from the secondary side is about 

15 OA. After about 0.8 jis a maximum of about 1 15 A is reached, from which the current 
decreases to a minimum peak at about -70 A after 1.8 jis. When this point is reached, 
the forward power absorption ends and the flyback power absorption starts. In a 
damped oscillation the current swings about 1 .5 |is 5 times around a value of about — 
65 A, than raises to a local maximum at about 28 A after about 5.5 \xs calculated from 

20 the start. After reaching this local maximum the current decreases to —10 A after about 
7 |is from the start and oscillates with damping around a value of 0 A, reaching 0 A 
after 10 fis, which ends the period. 

Furthermore the primary magnetization current is shown in the graph. The primary 
25 magnetization current starts at about 38 A and increases in a linear way to a maximum 
peak of about 66 A after about 3.5 |is. Then the magnetization current decreases in a 
linear way to the initial value of about 38 A within 6.5 \is, so that the period ends and a 
quasi-triangular graph results. 

30 The SEFF-circuit starts in forward power delivery mode. At the same time 

magnetization energy is stored into the transformer core. The lamp's voltage graph is 
similar to the primary current graph, but is phase-delayed and amplified. The resonance 
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peak consists of two parts, a power delivery part till the peak of the lamps voltage in the 
graph and a power absorption part until the minimum peak of the primary transformed 
current. During the rise of the resonance peak the transformer device is used in forward 
mode. The switching device switches off exactly at the moment of reverse current, that 
5 is when the cur rent runs through diode D 2. In this way a zero-voltage switching is 
obtained, so that only low switch-off losses occur. From that moment on, the 
transformer device is used in flyback mode. In this mode the transformer device makes 
use of the magnetization current stored during the operation in forward mode. This 
magnetization is used for a fast continuation of the lamp voltage swing, until the diode 
10 in the absorption line becomes conductive and the remaining stored flyback energy is 
rendered to the 580 V line. In the present situation the lamp voltage pulse is very steep, 
leading to an efficient gas discharge. 
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LIST OF REFERENCE NUMBERS 



1 electronic circuit topology 

2 capacitive or predominantly capaciti ve load 

3 source device 

4 transformer device 

5 drain device 

6 switching device 

DBD dielectric barrier discharge 

TX1 ideal transformer unit 

TX1 a primary side (of the ideal transformer unit) 

TX1 b secondary side (of the ideal transformer unit) 

LI first inductive unit (air gap of real transformer) 

L2 second inductive unit (leakage inductance of real transformer) 

CI first capacitance unit 

C2 second capacitance unit 

Dl first diode 

D2 second diode 

SI switching unit 

VI first power supply unit 

V2 power absorber unit 

V3 pulse voltage generator 

Lai dielectric barrier discharge lamp 
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CLAIMS 



1. An electronic circuit topology (1) for driving a predominantly capacitive load (2), 
where a pulsed electrical power supply is used, with a primary circuit with several 
components, a secondary circuit with or connected to a predominantly capacitive 
load (2), and a transformer device (4) with a primary side (TX1 a) and a secondary 
5 side (TXlb), connecting the primary circuit with the secondary circuit, the primary 
circuit components comprise: 

a source device (3) supplying power via the transformer device (4) for operating the 
predominantly capacitive load (2), 

a drain device (5) for absorbing at least a part of said power, which is reflected back 
1 0 from the predominantly capacitive load (2) during operation, and 
a switching device (6) for switching a current on the primary side, 
the transformer device (4) is of a transformer type with a gap for transforming an input 
voltage-current-signal on the primary side (TXla) to a suitable output voltage-current- 
signal for supplying the predominantly capacitive load (2) on the secondary 
15 side (TXlb), wherein the source device (3) is in serial connection with the transformer 
device (4), the drain device (5), and the switching device (6), whereby the transformer 
device (4) being connected to the predominantly capacitive load (2) comprises means 
for functioning as a resonant tank circuit, as a transformer device (4) in forward mode, 
and as a transformer device (4) in flyback mode, so that a single-ended forward-flyback 
20 circuit for driving predominantly capacitive loads (2) with pulse-shaped wave forms is 
achieved. 
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2. Electronic circuit topology (1) according to claim 1, wherein the means comprises at 
least one transformer unit (TX1) selected from the group of real transformers and at 
least one second inductive unit (L2) on the secondary side (TXlb), whereby the second 
inductive unit (L2) can be represented by the leakage induction of the real transformer, 

-5 — so that a resonant tank drcuiHs-achieved. 

3. Electronic circuit topology (1) according to claims 1 or 2, wherein the second 
inductive unit (L2) on the second side (TXlb) of the transformer device (4) is 
connected in series with the predominantly capacitive load (2), so that the transformer • 

10 devices leakage induction on the second side (TXlb) of the transformer device (4) 
makes up a series resonant tank circuit with the capacitance of the predominantly 
capacitive load (2) and the cabling. 

4. Electronic circuit topology (1) according to one of the prior claims 1 to 3, wherein a 
15 first inductive unit (LI) located on the primary side (TXla) is parallel to the 

transformer unit (TX1), whereby the first inductive unit (LI) is realized by the air gap 
of said real transformer. 

5. Electronic circuit topology (1) according to one of the prior claims 1 to 4, wherein 
20 the primary side (TXla) of the transformer device (4) is connected in series with the 

source device (3), the drain device (5) and/or the switching device (6). 

6. Electronic circuit topology (1) according to one of the prior claims 1 to 5, wherein 
the drain device (5) comprises a power absorber unit (V2), a capacitance unit (CI), and 

25 a diode (Dl) for returning power to the supply device (3) via an external down- 
converter. 
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7. Electronic circuit topology (1) according to one of the prior claims 1 to 6, wherein 
the switching device (6) comprises a control unit (V3) for generating a pulse-shaped 
signal, a switching unit (SI) for switching the current flowing through the primary 
side (TXla) of the transformer device (4) and a diode unit (D2). 

8. Electronic circuit topology (1) according to one of the prior claims 1 to 7, wherein 
the diode (D2) is parallel to the switching unit (SI). 

9. Electronic circuit topology (1) according to one of the prior claims 1 to 8, wherein 
10 the predominantly capacitive load (2) is realized by at least one gas discharge lamp 

based on a dielectric barrier discharge lamp (Lai) for generating light waves, preferably 
UV-light waves. 

10. Electronic circuit topology (1) according to one of the prior claims 1 to 9, wherein 
15 the dielectric discharge lamp (Lai) has a power being preferably in the range from 

> 0 W to < 20,000 W, more preferably from > 500 W to < 10,000 W, and most 
preferably from > 1,000 W to < 5,000 W, most preferably the power is about 3,000 W 
and the discharge lamp produces light having a wave length preferably being in the 
range from > 100nmto< 3 80 nm, more preferably from > 180nmto< 320 nm, and 
20 most preferably from > 200nmto< 300 nm. 
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High-efficiency SEFF Electronic Driver for Barrier Discharge Lamps 

« 

An electronic circuit topology (1) for driving a predominantly capacitive load (2) with a 
primary circuit with several components, a secondary circuit with a predominantly 
capacitiyeload (2), and a transfojmaLdevice (4) with a priniary side_(TXl.a) and a _ 
secondary side (TXlb), connecting the primary circuit with the secondary circuit, the 
primary circuit components comprise: a source device (3), a drain device (5), and a 
switching device (6), the transformer device (4) is for transforming an input voltage- 
current-signal to a suitable output voltage-current signal for supplying the 
1 0 predominantly capacitive load (2), wherein the source device (3) is in serial connection 
with the transformer device (4), the drain device (5), and the switching device (6), 
whereby the transformer device (4) comprises means for functioning as a resonant tank 
circuit, as a transformer device (4) in forward mode, and as a transformer device (4) in 
flyback mode, so that an single-ended forward-flyback circuit is achieved. 
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